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Fundamentals of Economic Growth

1.Main Facts of Economic Growth
i. CharlesJonesand Dietz Vollrath (2013), dntroduction to Economic Growth, &9 edition, WW Norton.
li.Daron Acemoglu (2008), dntroduction to Modern Economic Growth, Brinceton University Press

ili. William Easterly(2002), 6T he ElusiveQuest for Growth: Economists' Adventures and Misadventures in the Tropics, BT Press
2. Solow Growth Model

I. Robert Solow (1956), ol he Theory of Economic Growth, Quarterly Journal of Economics,70 (1): 65-94.
3. Extending the Solow Growth Model with Human Capital

I. Gregory Mankiw, David Romer and David Weil (1992), ¢ Contribution to the Empirics of Economic Growth, Quarterly Journal of Economics,107 May :407-437.

4. Technological Growth and Endogenous Growth
I. Paul Romer (1994), ol he Origins of Endogenous Growth, &ournal of Economic Perspectives,8 (1): 3-22.

5. Creative Destruction : A Schumpeterian Model

I. Ricardo Caballero (2008), cCreative Destruction, i The New Palgrave Dictionary of Economics
6. Institutions

I. Robert Hall and CharlesJones(1999), 6/Vhy Do Some Countries Produce So Much More Output Per Worker Than Others?, ©he Quarterly Journal of Economics,114
(1): 83-116.

ii. Daron Acemoglu, Simon Johnson and James Robinson (2001), ol'he Colonial Origins of Comparative Development: An Empirical Investigation, ®he American
Economic Review,91 (5): 1369 -1401.

7. Newer ldeas on Economic Growth

I. CharlesJonesand Paul Romer (2010), ol he New Kaldor Facts Ideas, Institutions, Population, and Human Capital, &merican Economic Journal: Macroeconomics, 2
(1): 224-245.

. CharlesJones(2016), ol'he Factsof Economic Growth, EHandbook of Macroeconomics, Volume 2A, ElsevierB. V. Chapter 1: 3-69.
lii.RicardoHausmannDaniRodrikand Andrés Velascd2005, aGrowth Diagnostick €D HarvardUniversity

www.bankandfinance.net



https://growthecon.com/textbook
https://press.princeton.edu/books/hardcover/9780691132921/introduction-to-modern-economic-growth
https://mitpress.mit.edu/9780262550420/the-elusive-quest-for-growth/
http://piketty.pse.ens.fr/files/Solow1956.pdf
https://eml.berkeley.edu/~dromer/papers/MRW_QJE1992.pdf
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https://economics.mit.edu/sites/default/files/publications/creative%20destruction.pdf
https://web.stanford.edu/~chadj/HallJonesQJE.pdf
https://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.91.5.1369
https://web.stanford.edu/~chadj/JonesRomer2010.pdf
https://web.stanford.edu/~chadj/facts.pdf
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Facts on the evolution of standard of living

Bj;

A Factl: Thereis enormousvariationin per capitaincomeacrosseconomies The poorestcountrieshaveper capitaincomes
that arelessthan 5 percentof per capitaincomein the richestcountries

A Fact2: Ratesof economicgrowth varysubstantiallyacrosscountries

A Fact3: Growth rates are not generallyconstantover time. Forthe world asa whole, growth rateswere closeto zeroover
most of history but haveincreasedsharplyin the twentieth century. Forindividualcountries,growth ratesalsochangeover
time.

A Fact4! O2dzyuNEQa NBfI UAQGS LRRAaAL
OSAY3A alLIZ2Z2NE U2 O0SAYd aNMANOKegzZ

A Fact 51In the U.S. over the last century,
A The real rate of return on capital, r, shows no trend upward or downward;

A The shares of income devoted to capit&lY, and laborwl/Y, show no trend; and

A The average growth rate of output per person has been positive and relatively constant ovethihés, the United
States exhibits steady, sustained per capita income growth.

RA A& UONRMOG dzi

To

—act 6 Growth in output and growth in the volume of international trade are closely related.

To

—act 7 Both skilled and unskilled workers tend to migrate from poor to rich countries or regions.
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Standard of living across the world

GDP per capita, PPP (constant 2017 international $):
natural logarithm of 1993 level and 2019 level / 1993 level
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Big questions:
A Why are some countries so rich
and others so poor?
A What are the engines for growth
A What creates growth miracles?

a tlo not seehow one canlook at figureslike these
without seeingthem as representingpossibilities
|s there some action a governmentof India could
take that would lead the Indianeconomyto grow
ikeL Yy R2 y& 28 HE QHEsO dvikat, exactly?If
not, what is it about the & y | (odaN3 R thdt ¢
makesit so?Theconsequencefor humanwelfare
Involved In questions like these are simply
staggeringOnceone startsto think aboutthem, it
IS hard to think about anything else¢ Robert E
LucasJr (1988, On the mechanicsof economic

11.5 developmentJournalof Monetary Economic22
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0. Objective

Bj;

U Understand the longun determinants of living standards.

U Study the transition dynamics of an economy within the
context of a neoclassical framework.

U Quantify the sources of growth In relatively simple growth
accounting framework.



1. CrosgCountry Income Difference

B

There are very large differences in income per capita and
output per worker across countries today.
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1. CrosgLCountry Income Difference (cont.)

RlCh COuntrIeS GDP per capita GDP per worker LF Part. Rate Avg. Growth Years to

Country 2008 2008 2008 1960-2008 Double
United States $43.326 $84,771 0.51 1.6 43
Japan 33.735 64,778 (.52 3.4 21
France 31,980 69,910 0.46 2.2 30
United Kingdom 35.345 70,008 0.51 1.9 36
Spain 28,958 o7, 786 (.50 2.7 26
P 00l COU ﬂtrl es GDP per capita GDP per worker LF Part. Rate Avg. Growth Years to
Country 2008 2008 2008 1960-2008 Double
China 6,415 10,938 0.59 5.6 13
India 3,078 7,801 0.39 3.0 24
Nigeria 1,963 6,106 0.32 0.6 114
Uganda 1,122 2,604 0.43 1.3 52

. GDP per capita GDP per worker LF Part. Rate Ave. Growth Years to
Growth miracles per caj p e Avg

Country 2008 2008 2008 1960-2008 Double
Hong Kong 37,834 70,940 0.53 4.3 16
Singapore 49 987 02.634 (.54 4.1 17
Taiwan 29.645 62,610 0.47 5.1 14
South Korea 25,539 50,988 (.50 4.5 16

- GDP per capita GDP per worker LF Part. Rate Avg. Growth Years to
Growth disasters |

Country 2008 2008 2008 1960-2008  Double
Venezuela 0,762 21,439 0.46 -0.1 -627
Haiti 1,403 3,164 0.44 -0.4 -168
Madagascar 810 1,656 0.49 -0.1 -488

Zimbabwe 135 243 0.40 15 AT www.bankandfinance.net




CrossCountry Income Difference

Bj;

U Part of the spreading out of the distribution in the Figure Is
because of the Increase In average incomes.

U More natural to look at the log of iIncome per capita when
growth Is approximately proportional.

Awhen x (t) grows at a proportional rate, log x (t) grows linearly

Aif x1 (t) and x2 (t) both grow by 10%, x1-&® (t) will also
grow,whilelog x1 (t) log x2 (twill remainconstant.

U The next Figure shows a similar pattern, but now the
spreadingout Is more limited.



CrossCountry Income Difference
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CrossCountry Income Difference

B
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Figure: Estimates of the distribution of countries according to
log GDP peworker (PPPadjusted) in 1960, 1980 and 2000.
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2. Why growth matters?

U Anything that affects the lorgun rate of economic growth
even by a tiny amourt will have huge effects on living
standards in the long run

64.1 169.2 624.5
85.4 243.7 1,081.4
238.6 1,046.7 13,050.1

442. 7 2,845.7 80,6/7/1.6
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Income Growth and Income Level

B

U Higher income growth Is associated with higher income levels

Per capita GDP growth
(1960 to 2000)
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Income Level and Consumption

U andhigher income supports higher consumption

Log consumption per capita, 2000
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Income Level and Life Expectancy

U 1S associated with longer life expectancy

Life expectancy, 2000 (years)
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Income Level and Poverty

U and lowers poverty
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Welfare vs. GDP (Jones aKtenow 2010)

Welfare combines consumption, leisure, inequality, life expectancy

Welfare, A
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Ratio of Welfare to Income

1.4

0.8

0.6

0.4

Madagascar @ @

But the deviations of welfare from GDP are large

®holdova

®Yyemen
®Tajikistan I-'ranc-:
. Malta @
Somalia Swede
_ ®jordan ®RBulearia ..'H-_:r ’
'Gum.-:u—[-h'-;nu ® A lbania sl ITIC-l""r P
o e . ® United Kingdom
HLIMH&# A ®Pakistan .ll '.I"lr’l acedonia Israel *Cm-!-_ ® A ustria
Rwanda _ O yroyzst ‘{r'LP ® Tunisia ® ®Snain
® Tan nia -cmE - ® Armenia -I:"".c:ﬂr aplmd
0e @

@ India Crmu 1 ®5oy =|]-.. E}

ntius '[ anada
Malawi ..i ’ll'l.'“'l adesh® Aze rhd”ﬁh‘ﬁ' ﬁ%}ﬁ_ L Ta IIF“’Hfﬂ’@ d# [J{:.r[u-:!]]"& ‘i

'qlr.[ hiquse ¥l . . United States
i o® It"lm Hque .PhthP“i*" ®Ectonia Hon = "'w-m.n

e : Cambodia
Central African Republic o ® ® .]mﬂm,_e.,u .Ei{m}nrﬁllﬁﬁ «E‘bﬁiﬁﬂh Repubds 1.4

Nigeria ""'- 1-.1n 1n1 .

ag ®Puerto Ric
smbia '.'E' ote 4_1 ]*. {Jllﬂiﬁh“m 1
F' 'fi‘” 'Luxcmt‘l-mlrg
-F'.l[I-L;r’l -L'ﬂr [ﬂumd o *y encguela
Igeria ~hussia @South Korea
inbnce e e My
China ®Thailand ® ®5incapore
oLlswana Bahamas
®Namibia

1/64 1/32 /16 1/8 1/4 [/2 ]
GDP per person (US=1)

www.bankandfinance.net



3. Why are income levels and
growth rates so different?

log gdp per capita
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Figure The Evolution of Income Per Capita GDP
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Why are income levels and
growth rates so different?

U Why Is the United States richer in 1960 than other nations
and able to grow at a steady pace thereafter?

U How did Singapore, South Korea and Botswana manage to
grow at a relatively rapid pace for 40 years?

U Why did Spain grow relatively rapidly for about 20 years, but
then slow down? Why did Brazil and Guatemala stagnate during

the 1980s?

U What is responsible for the disastrous growth performance of
Nigeria?

U Our first task Is to develop a coherent framework to investigate
these questions and as a byproduct we will introduce the workhorse
models of dynamic economic analysis and macroeconomics.




Origins of Income Differences and World Growth
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A long view
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An even longer view
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The Elusive Quest for Growth

Bj;

Aln the book S _ |
| > Willlam Easterlyexplainshow In the aftermath of
World War I econqmlstsb%%anthe guestto discoverthe meansby which I\|ooor
gountnesm the tropics couldbecomerich like rich countriesin Europeand North
merica

A Different treatments including providing foreign aid to investmentin machines,
fostering education, controlling population growth, giving loans conditional on
reforms, and givingdebt relief conditionalon reforms have had mixed effectsto
achievethe expectedgrowth.

AThe problem was not the failure of economics,but the failure to apply the
Prmmplesqf economicgn practicalpolicywork: a LJS Zréslbo&dto incentives all
herestisO2 Y Y S Yy StevéhEaadsburgrhe ArmchairEconomist

AThe developmentprocessis conditioned by incentivesof donors, 8overnments,
andcitizens that form a complicateaweb that is not easilyuntangle


https://mitpress.mit.edu/9780262550420/the-elusive-quest-for-growth/
https://mitpress.mit.edu/9780262550420/the-elusive-quest-for-growth/

The Elusive Quest for Growth (cont.)

Bj;

AThebookisdividedin 3 sectionsand 14 chapters
A Sectionl Why Growth Matters hasthe chapterl ToHelpthe Poor

A Sectionll Panaceaghat Failedhasthe chapters2 Aid for Investment,3{ 2 f 2 § Q
Surprise Investmentls Not the Keyto Growth, 4 Educatedior What?,5 Cashfor
Condoms?6 ThelLoansThatWere,the GrowthThat? | & VEloa(vy EorglveUsOur
Debts

ASectionlll People Respondto Incentiveshasthe chapters8 Talesof Increasing
Returns Leaks, Matches, and Traps, 9 Creative Destruction The Power of
Technologyl0 Underan EvilStar,11 GovernmentLanKill Growth, 12 Corruption
and Growth, 13 PolarizedPeoplesand 14 ConclusionTheViewfrom Lahore

Aln between each chapterthere are very insightful and entertaining snapshotsot
dailylife in the ThirdWorld,a A y 0 S NXMHatlrdmihdsasihat behindthe quest
for growth are the sufferlng and joys of real people,and it Is for them we go on
the questfor growth.



4. The Role of Models

If we understand the process of economic growtlor of
anything elsa we ought to be capable of demonstrating this
knowledge bycreatingit in these pen and paper (and computer
equipped) laboratories of ours. If we know what an economic
miracle Is, we ought to be able to make omeRobert E. Lucas,
JI.

IS It appropriate to use toy models to study the world?
AAll models make simplifying assumptions

ANhat makes a model successful is making the correct
simplifying assumptions.

Adealthy skepticism is warranted. Even when model gets it
wrong, the errors may be informative...



Solow Growth Model

Bj;

U Develop a simple framework for the proximate causes and the
mechanics of economic growth and crassintry income
differences.

U SolowSwan model named after Robert Solow and Trevor Swan

U Study of economic growth and development therefore
necessitates dynamic models.

U Despite its simplicity, the Solow growth model Is a dynamic
general equilibrium model (though many key features of
dynamic general equilibrium models, such as preferences and
dynamic optimization are missing Iin this model)



Solow Growth Model

Production

Real outputw, is produced according to a function like this:

W Qo) (1)
wherev is the stock of physical capital ands the number of workers.
It is common to use a very specific functidd@, called the Cobibouglas

W L U (2)
This function has constant returns to scale, which means that If you scale
each input by a factamthen output changes by the same proportion:

(@9 (@ QU U a w (3)



Solow Growth Model

Firms

We assume that firms are perfectly competitive
A There are many firms, all producing the same homogeneous output
A Firms enter and exit freely
A They all produce using a similar Cdbbuglass function
A They are all pricéakers for the use of labor and capital

For the representative firm, profits are

L UL U i U 0D (4)
wherel is the market rate for renting capital andis the wage of a worker.
¢ KS T A NMaQimnizingid&igion {firsirder conditions) are

-0+ | — | (5)

Which just say that the firm sets the marginal product of a factor equal to its marginal cost.
Factor incomearel v | candv U (p | )w, whileprofitsare zeror 1T

Factor shareare— | and— p | .




Historical Factor Shares
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Solow Growth Model

Bj;

Output per worker
We typically care about output per worker

~Y

0 - — 0 (7)

where we are usingg - and'Q — to represent pesworker values.

Capital per worker has a diminishing marginal outputXifes, output per worker
rises, but the size of the increase falls@acreases.

(bA r %
w Q




Solow Growth Model

Bj;

Giventhat output dependson capital and labor, we needto know who those two things accumulateover time.

Capital Accumulation

Startwith capital,whereits changeu in continuoustime or v L indiscretetime, isgivenby
L | W] U (8)
wherei ds grossinvestment,whereindividualswho work and own capital¢ savea constantfraction,t i  p, of

theirincome Meanwhile] uvisdepreciationwhereafixedfraction, 1t | p, of capitalbreaksdown.
Dividing(8) by v we havethat the growth rate of capital

- 1= (9)

3 N

To seewhat happensto capital per worker, Q -, takelogs,l 1Q 1 0 1 D, and derivatives— —1 D
—1 Dhor - - -.Replacingquation(9) in this lastexpressionye get

- =1 - (10)



Solow Growth Model

Bj;

Population Growth

We assumethat the number of workersgrowsat the samerate asthe population Letthe number of workers
exhibitexponentialgrowth accordingo

0(0) 0()Q (11)

By takbing logs and derivativesto equation (11) we can seethat the growth rate of the number of workersis
givenby

> (12)
Therefore replacing(12) into (10), we have
- i— 1 ¢ (13)

Therefore the growth rate of capitalper worker dependson the capital/output ratio — and the parametersi h
ande.



Solow Growth Model

The Solow Equation

Equation(13) canbe rewritten as

R R U (R - (14)

Multiplying both sidesof equation(14) by ‘Qandrecallingfrom (7) that @ 'Q, we have

~

Q i ( &0 (15)
¢ &0
1 o 0
go) (] ' é)_ 0
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International evidence on population growth and
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Solow Growth Model

B

Comparative statics

What if the savingsrate, i, changes?Thiscould be due to a policy change,or somedifferencein
AY RA @Wllﬁhglles[stcaséz/efor the future. Letassumehat it increaseso | | .

W

oo! _____________________________________________________________________________________________________________________
i o I Q
i W 00




Correlates of Economic Growth
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Solow Growth Model

Bj;

Trend Growth

In this simple setup of the Solowmodel, growth rate goesto zero, w does not grow in
steadystate. Toseethis, takelogsandderivativesof @ Q tofind | t | 1 1Q and

- | -. BecauséQ Tin steadystate,it mustbethat — Trin steadystate.

To allow for trend growth In the Solow model, we will Incorporate productivity
Improvements Letproductionbe

w U (00 (16)
where o islabor-augmentingechnologicaprogress In per workertermsthisis
w QO (17)

Growthin 0 will allowthere to be trend growth in output per worker evenin steadystate. If
we letthat A(0) o()'Q ,thenbytakinglogsandderivatives— "Q



Solow Growth Model

Trend Growth (cont.)

Giventhat®® Q0O , growthin output perworkeris givenby
- - (P 1)- (18)

Theevolutionof capitalis still givenby equation- 1- 7 € (14)

Capitalper worker growth will be constantonlyif | is constant,which will be constant
onlyif — —. Usingthis equalityin equation(18) we have

- |- (P 1)Q (19)
- "0 (20)

or wmustgrow at arate "Qif it is goingto grow at a constantrate.



Solow Growth Model

Bj;

The steady state of the_Solow model will be exactly a situation where growth in wis
constantat "Q Further,ah’Qand o will grow at the samerate. The Solowmodel producesa
balanceagrowth pathwhereS @ S Nk @rewthfaie (eanainsconstant

Balanced Growth Path

From equation (20) we know that — "Q We also know that — -. Therefore,in steady
state,equation(14) becomes

- Q i- 1 ¢ (21)
Usingw Qo0  (17),we have

- QI 1€ (22)

Solvingor Qwe get

Qb ( )_ (23)



Solow Growth Model

Bj;

Steady state with technology

From (23) note that In steadystate the ratio — ( ) IS constantbecausecapital
andtechnologygrow at the samerate, Q

Output per worker, In steadystate, s givenby (17) and(23) as

o0 ( ) (24)
wherethe time subscriptsare explicitto makeevidentthat both variablesare growingover
time.

Therefore,alonga balancedgrowth path, this economygrows at the rate of technological
progress, Q Meanwhile,changesn savings| , depreciationrate,] , and populationgrowth,
e, will inducetemporarychangesn growth relativeto "Qasthe economyshiftsto the new
trend line.



Growth empirics: Balanced growth B
i »

Al 2t206 Y2RStQa adaiGSIFIReée aidliS SEKAC
balanced growth+ many variables grow
at the same rate.

ASolow model predict¥/LandK/Lgrow at the same rateg), SoK/'Y
should be constant.

AThis is true in the real world.

ASolow model predicts real wage grows at same raté Bswhile real
rental price Is constant.

AThis is also true in the real world.



Correlates of Economic Growth
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A Contribution to the
Empirics of Economic Growth

N. GregonfMankiw

DavidRomer
David N. Well

The Quarterly Journal of Economics, Vol. 107, N®M&¥,1992), pp. 40437



0. Motivation

U Is the Solow growth model consistent with the international
variation In the standard of living?

Als a higherate of savingssociated with &igher incomdevel?

Als a highepopulation growthassociated with éower income
level?

ADo countries exhibitonvergencén standards of livingRe. do
poorer countries tend to grow faster than rich countries?

www.bankandfinance.n
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1. Introduction

U To a first approximation, predictions of the Solow Growth
model are correct:

AA higherrate of savinds associated with &igher incomdevel.

A A highemopulation growthis associated with éower income
level.

- 50% of variation in GDP per capita can be explained by these
two variables alone.

AConditional on rate of saving and population growth countdes
exhibit (conditional) convergencm standards of living.

U While qualitative predictions are confirmed, quantitative effects
of savings and population growth are too large to be consistent
with textbook Solow growth theory.




MRW Solution

Bj;

U An augmented version of the Solow growth model that allows
for human capital accumulation can explain thegahowever.

AAdding human capital explains why coefficients on savings and
population growth are upward biasephuman capital is positively
correlated with savings.

AWhen schooling is included in the regression as a measure of
human capital MRW find that

- Coefficients on savings and population growth are now of
the correct magnitude for the augmented model

- The augmented Solow model now explains 80% of the
variation in crossountry living standards.



2. The Textbook Solow Model

Bj;

A CobbDouglas production:

Y(t)=(K())" (A)L(E)
A Population and technology grow at constant exogenous rates:
(t)=L(0)e"
Alt) = A(0)e

A Constant savings rate:

| (t)=S(t) = sY(t)



Capital Accumulation

Bj;

A The evolution of capital per effective unit of labor is governed by:

M1 /t) = sult)- (n+g+a)k(t)

A where

A Which implies that

ot Kt =slk(t))" - (n+g+akit)




Steadystate

A In steadystate d‘;(tt) 1 O , whichimplies

1

K' = (n+g+0’)1 y

A Labor productivity:

A Takingogswe have

ogl1{})= log(A(0) + gt + 2 log(s)- 1 log(n+g+d)

Modelpredictiors:if a =1 then:Z =1, implying thatal0%
Increasan savingsshouldleadto a5%|ncreasen GDP percapita.



3. Empirical Specification

AYSeé |jdzSaidA2yyY R2 RIFOF &dzLJLi2 NI
living standardg, income per worker Is higher in countries with
higher savings rates and lower population growth rates.

(A\ssumethatg + d = 0.05, thencountriediffer only in termsof

savingsrate,s, populationgrowthratesn, andtheinitial level of
technologyA(0).

Qet

log(A(0))=a+U
whereais commonlevel of technolog acrossountriesandeis
country- specific but unobservale (maybeexplainedoy institutio nal
structurgcfr. Hall andJoned.999) climate,resourcesndowmentsetc.




Empirical Specification

(Xey assumption sandn areuncorrelag¢dwith e

Assume = 0. Thisimplies thefollowing equationcanbeestimatec

Iog(ﬁ%))= a+:2-log(s)- ;% log(n+g+a)+e

usingordinaryleastsquares.



4. Data and Samples

Annuadatdal960-1988
Yariables

- n = averaggrowth rateof workingagepopulation

- S= averageshareof realinvestmentn realGDP
(Including govt. Investmeny.

-~ =realGDPin 1985/ working agepopulationin 1985.

Gample
- All avallablecountriedor which oil productionis not
thedominantindustry(98countries)
- Drop countrieswith guestionale data(/8countries)
-OECD(22countries)




5. Results

TABLE I
EsTiMATION OF THE TEXTROOK SoLow MoDEL

Dependent variable: log GDP per working-age person in 1985

Sample: Non-oil Intermediate
Observations: 98 15
CONSTANT 5.48 2.30
(1.59) (1.55)
In(I/GDP) 1.42 1.31
(0.14) (0.17)
Inin + g + &) —1.97 -2.01
(0.56) (0.53)
Re 0.569 0.59
s.e.e. 0.69 0.61
Restricted regression:
CONSTANT 6.87 7.10
(0.12) (0.15)
In(I/GDP) — Inin + g + &) 1.48 1.43
(0.12) (0.14)
R* 0.59 0.59
5.e.e 0.69 0.61
Test of restriction:
p-value 0.38 0.26
Implied « 0.60 0.59

(0.02) (0.02)

OECD
22
71.97
(2.48)
0.50
(0.43)
—0.76
(0.84)

0.01
0.38

8.62
(0.53)
.56
(0.36)

0.06
0.37

0.79
0.36
(0.15)

Note. Standard errors are in parentheses. The investment and population growth rates are averages for the

period 1960-1985. (g + &) is assumed to be 0.05.
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Results Textbook Solow Model

In tablel, MRW estimate

0g(19)= g, + g log(s)+ g log(n+ g + ) +e

Themodelpredictsthat

MRW find :

- g, Is significant andpositive.

- g, IS significant andnegative.

- Thedatacannotreject thag, =-g..

- Themagnitudeof g, =1.42implies anestimateda =3

whichis substantigy higher than themeasuregapitalshare



6. Adding Human CapitaH

Bj;

A MRW argue that adding human capital to the model may help
explain the higher estimated implied elasticity of output with
respect to savings.

A To understand this argument, consider a production function of
the form:

v(t)= (K ()] (H )" (AL

A Assume that both physical and human capital are accumulated
according to a constant savings rate:

M) =5 y(t)- (n+g+a)k(t)
M) =g, y(t)- (n+g+ah(t)




SteadyState for Model with Human Capital

Bj;

A The augmented human capital model will have a balanced growth
solutionwhere

A GDP per capita is then

og(X})=1og(A(0)+ gt- 22 log(n+g +d)
+-2-log(s, )+ = log(s,)




/. Empirical Implementation

A If we have data on savings rates for human capital, we could
estimate this equation in standard fashion.

A MRW argue that we are more likely to have data on the stock of
human capital. Ih* Is observable, along the balance growth path
we could estimate:

ogl1{})=log(A(0)+ gt +12 log(s, )- 1% log(n+g+d)+:% log(h’)
A We could then formulate the regression equation

log(¥) =g, + g lod(s. )+ g, log(n+g+0)+g,logh’ )+ e
Themodelpredictsthat
glz'gzz-ia : 93:1-a



INntuition

A By omittingh* from our previous regression, we would expect the
O2 ST T Mdbk BigsédIn particular, sincuman and physical
capital are positively correlated, we would expect an upward bias.

A Once we add human capital to the regression, we should obtain a
NEI a2yl 6f S ,0S DRSS Bennfer the implied
YR KSY o cah hirthe implied.

A Human capital is measured as the percentage of the population
with a secondary education.




8. Results Solow Model with Human Capital

»)

TABLE 11
ESTIMATION OF THE AUGMENTED SoLow MODEL

Dependent variable: log GDP per working-age person in 1985

sample:

Non-oil Intermediate QECD
Observations: 95 7D 22
CONSTANT 6.89 7.81 8.63
(1.17) (1.19) (2.19)
In(I/GDP) 0.69 0.70 0.28
(0.13) (0.15) (0.39)
In(n + g + &) -1.73 —-1.50 —-1.07
{0.41) (0.40) {0.75)
In(SCHOOL) 0.66 0.73 0.76
{0.07) (0.10) (0.29)
R? 0.78 0.77 0.24
3.8.€. 0.51 0.45 0.33
Restricted regression:
CONSTANT 7.86 7.97 B.71
(0.14) (0.15) (0.47)
In(l/GDP) — Inin + g + &) 0.73 0.71 0.29
(0.12) (0.14) (0.33)
In(SCHOOL) — Inin + g + &) 0.67 0.74 0.76
(0.07) (0.09) (0.28)
R* 0.78 0.77 0.28
g.e.e, 0.51 0.45 0.32
Test of restriction:
p-value 0.41 0.89 0.97
Implied o 0.31 0.29 0.14
(0.04) (0.05) (0.15)
Implied B 0.28 0.30 0.37
(0.03) (0.04) (0.12)

MNote. Standard errors are in parentheses. The investment and population growth rates are averages for the
period 1960-1985. (g + &) 15 assumed to be 0.056. SCHOOL is the average percentage of the working-age
population in secondary school for the period 1960-1985.
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Summary of the Results with Human Capital

- Adding humancapitalto theregressiorincreasesheR* from 0.6
to 0.8,l.e.it addssignificant explanatoy powerimplying that

ommitedvariablebiasis a problem.
- Onceweaddthehumancapital, weobtainanestimateof g, that

is muchlower andanimplied estimateof a thatis muchcloser to:.
- Theestimateslsoimply that b = =.

-So, thetotalcapitalsharasa + b = <.

- With humancapitalin the model,theSolow growth frameworkfits
thedatain termsof explainingcross country vaiation in GDP
percapitaasafunction of savingsin physicalcapital,population
growth andschooling,.

Bj;




9. Convergence

Bj;

U{ 2f 2% Y2RSt LINBRAOGA OGKIFIUOZ 20KSNJ
(with lowerY/LandK/LO) a4 K2dzZf R 3INRB Y FlF adSN GKI

u If true, then the income gap between rich & poor countries
g2dzft R AaKNAY]l 20SNI UAYSE OldzaAay3a f A

U In real world, many poor countries do NOT grow faster than rich
ones. Does this mean the Solow model fails?



the World as a Whole

Convergence among OECD Countries but Divergence inﬂ”
Y
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Source: Robert Barro and Xavier Sala-i-Martin, Economic Growth (New York: McGraw-Hill, 1995), p. 27. Reprinted with
permission.
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Growth empirics: Convergence

Al 2t 26 Y2RSH

LINBERA O

A\ 4

a

0 K |

countries (with lowery/L andK/L) should grow faster

UKIFY &aNANOKE

Ab 23 0SOI dza S

2y Sadod

G20KSNJ OKAY 3a&:¢é

Aln samples of countries with
similar savings & pop. growth rates,
Income gaps shrink about 2% per year.

Aln larger samples, after controlling for differences in
saving, pop. growth, and human capital, iIncomes
converge by about 2% per yeatr.

0>

Bj;

2



9.1 Results Unconditional Convergence

»)

TABLE 111
TESTS FOR UNCONDITIONAL CONVERGENCE

Dependent variable: log difference GDP per working-age person 1960-1985

Sample: Non-oil Intermediate OECD
Observations: g8 75 22
CONSTANT -(.266 0.587 3.69
(0.380) (0.433) (0.68)
Ini(Y60) 0.0943 —0.00423 —-{).341
(0.0496) (0.05484) (0.079)
R? 0.03 -0.01 0.46
s.e.e. 0.44 0.41 0.18
Implied A —0.00360 0.00017 0.0167

(0.00219) (0.00218) (0.0023)

Note, Standard errors are in parentheses. Y60 is GDP per working-age person in 1960,
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Results Unconditional Convergence

Growth rate: 1960-85

B

A. Unconditional

5.5 6.5 (s 8.5 9.5 10,5
Log output per working age adult: 1960
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9.2 Results Conditional Convergence

TABLE IV
TESTs FOR CONDITIONAL CONVERGENCE

Dependent variable: log difference GDP per working-age person 1960-1985

Sample: Non-oil Intermediate OECD
Observations: a8 75 22
CONSTANT 1.93 2.23 2.19
(0.83) (0.86) (1.17)
In(Y60) —-0.141 —0.228 —0.351
(0.052) (0.057) (0.066)
In(I/GDP) 0.647 0.644 0.392
(0.087) (0.104) (0.176)
In(n + g + &) —0.299 —0.464 —0.753
(0.304) (0.307) (0.341)
R* 0.38 0.35 0.62
5.6.6. 0.35 0.33 0.15
Implied A 0.00606 0.0104 0.0173
(0.00182) (0.0019) (0.0019)

Nofe, Standard errors are in parentheses, Y80 is GDP per working-age person in 1860, The investment and
population growth rates are averages for the period 19601985, (g + 8) i3 assumed to be 0.05.

»)
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Results Conditional Convergence

B

Growth rate: 196 0-85

B Conditional on saving and population growth

2.9 6.5 719 8.5 9.9 10.5
Log output per working age adult:1960
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9.3. Results Conditional Convergence
adding Schooling

TABLE V
TEeEsTs FOR CONDITIONAL CONVERGENCE

Dependent variable: log difference GDP per working-age person 1960-1985

Sample: Non-oil Intermediate OECD
Observations: 98 75 22
CONSTANT 3.04 3.69 2.81
(0.83) (0.91) (1.19)
In(Y60) —0.289 —0.366 —0.398
(0.062) (0.067) (0.070)
In(I/GDP) 0.524 0.538 0.335
(0.087) (0.102) (0.174)
Inln + g + &) —0.505 —-0.551 —0.844
(0.288) (0.288) (0.334)
In(SCHOOL) 0.233 0.271 0.223
(0.060) (0.081) (0.144)
R 0.46 0.43 0.65
s.e.e 0.33 0.30 0.15
Implied A 0.0137 0.0182 0.0203

(0.0019) (0.0020) (0.0020)

Note, Standard errors are in parentheses. Y60 is GDP per working-age person in 1960, The investment and
population growth rates are averages for the period 1960-1985. (g + &) 18 assumed to be 0,05, SCHOOL is the
average percentage of the working-age population in secondary school for the period 1960-1985.
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Results Conditional Convergence adding Schooling

B

C. Conditional on saving, population growth and human capital

Growthrate: 1960-85

5.5 6.5 7.5 B.5 9.5 10.5
Log output per working age adult: 1960
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Technological Growth

The Quarterly Journal of Economics, Vol. 114, NBelr(ary1999), pp. 83L16



Technology Drives Growth and Economics of ldeas

Bj;

AlIn the Solowmodel, the only thing that producestrend growth is technology,0.
We saidthat 0 grewat somerate "Qovertime. Wheredoes Qcomefrom?

A0 couldbe consideredasideasof how to combineinputs more efficiently. Better
ideasimply higheroutput per worker, sewe needto continueto havenew ideas
to grow.

A Economic®f ideasare different from economicsof goodsand servicesideasare
non-rivalandideasare (generallynhon-exclusive

A Asideasare sodifferent, the economicsof producingideasare different from out
standaraworld of perfectcompetition

Aldeas are non-rival. It needsto be produced once and then can be used by
anyone Ideashave high fixed costsand low (zero) marginalcostsA Ideashave
Increasingreturns to scale A average cost of the idea > marginal cost of
reproducingthe idea C ideaswill only be producedif someonecan chargemore
than marginalcostA there mustbe imperfectcompetition



Imperfect Competition

Bj;

AFirmsthat produceideas,or goodsthat embodyideasearn profits by charginga
pricefor the goodover marginalcost

AThe profits are there to make up for the large fixed costto comingup with the
idea

A Canonly sustainthese profits by preventingothers from usingthe ideac patents,
branding,marketing,copyrights.etc.

AWithout protection from the idea, firms will not ear profits. Without profits, firms
will not undertakefixed costof R&Dto inventnew product

ASo the growth of ideas, 0, dependson there being imperfect competition
Economigrowth fundamentallyrelieson marketimperfections



Population and Ideas

B

A Populationis a positivefor ideas
A More peoplemeansmore researchersthinkers,inventors,etc.

A Ideasare non-rival. Somore peoplediesnot meanfewer ideasfor eachof us. We canall
useall the ideasall the time. Thisis different from rival factorsof productionascapital

A More people meanslarger markets Largermarketsmeanmore profits for firms that use
ideas More profits meansmore investmentin R&D

A All together, population(or scale)will be a positivecontributor to growth.

mber of patents 1ssued n the U.S. Number of scientists and engineers doing R&D in U.S. and G-5. Note that while the number of 1deas, and number of researchers 15 climbing very rapidly, trend growth

in the U.S. has remained very steady. Will want to ensure our model captures that

225 000 3,000
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2 = o
E -y E g
w 125,000- o 1 500- o 10,000-
> ® 3
g 100,000+ B =
E S 1,000 o
=z 75,0004 3 United States 2 5,000~
S g
50,000 U.S. origin g 900+ 5
25,000+ z 2500
T T T T T T
1850 1910 1930 1950 1970 1990 2040 1950 1955 1960 1965 1970 1975 1980 1985 1990 1985 2000 2005 1870 1890 1910 1930 1850 1970 1980 2010
Year Year
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Modelling Ideas

Bj;

A We want somemodelof the accumulationof ideas 0 isthe indexof & A R SHbwidé we accumulatenew ideas?The
modelwill havetwo parts.

1) Mechanicsof accumulatingechnologyc whichwill dependon R&Deffort exerted
2) Economic®f how mucheffort to exerton R&D

A Startwith the mechanics; to determinethe longrun growth rate "Qin the economy
A Assumehat the stockof technology,0,evolvesaccordingo
0 B (1)
where O are the number of workers (researchersfioing R&Don new technologies and —Hs the rate at which each
researchefindsanewidea

—ldependson the total numberof researchersvorkingandthe existinglevel of technology®, accordingo

£+ B 0 (2)
sothat
0 —BO (3
or the growth rate of Ais
- — (4)
A T p captureshow researchrespondsto the number of researchers, 1 impliesaddingresearchergaises

technologygrowth,but _  p impliessomecongestion/duplication

A ;/_ooh_ D caPtureseffect of technologylevel on changein technology %o TA & & U I orR&# K/ Adzf BSNA € =
ishingoui.



Longrun Growth Rate

Bj;

A What is the growth rate of 0 alonga balancedgrowth path? Meaning,what is the growth rate of 6 such
that — remainsconstant?

A From - - (4), — will be constantif 0 grows at exactlythe samerate aso . Takelogs and
derivativesof both sides
o %—) d8 —0 (p %G & O (5)
) _— (P %9- (6)

A Qlongthe BalancedGrowth Path, for the growth rate of 0 to be constant,the left-hand side of (6) should
e zero,or

- (7)

A Assumehat the growth rate of researcherss proportionalto the growth rate of populationsuchthat —
¢, whichimpliesthat in the long-run the trend growth rate is givenby

- —¢ (8)

A Thetrend growth is a positive function of ¢ asthe faster the population growth, the faster technology
grows,asmore peoplemeansmore researcherandmore researchersneansmore ideas



A special case based on Romer (1994)

Bj;

A PaulRomer(1994), G > dournalof EconomidPerspectives3 (1):
3-22.
Aw 2 Y SoNdhalgrowth modeltakes— ——(4)andset_ pand%. p, for
0 —BO (9)
or
- - (10)

A For Romer,an increasein the number of researcherded to an increasein the growth rate of
technology If this were true, then the trend growth rate of output per worker should have been
risingoverthe 20" century;,

A Becausegrowth rate is so steady over modern history, the assumption%. p cannot be right.
Almostcertainthat %o p.


https://pubs.aeaweb.org/doi/pdf/10.1257/jep.8.1.3

The production of iIdeas and comparative statics

Bjx

A So far, this description has been completely mechanical ‘Qdependson the valuesof _hand &. But there are also
economicchoicesto be made We will focuson the fraction of the total laborforce usedto doresearchjyt | P, where

0 i O (10)

A If% p,theni hasno effecton the longrun growth rate of A,andonly on the levelof A.

A From - (4), substitute(10) andassume_ pand%o. T, SO
- (11)
- ’ This temporary shift in  has a temporary The shift up in does permanently
A Whathappensifi goesuptoi ? effect on the growth rate od, but does not raise the level 0b8

change the longun growth rate that

| eventually returns t0Q ¢
AJA /A Log A

?‘
AN Level effect
'\-__\_.--- _.,-"'-FF-.




Embedding Technology In the Solow Model

Bj;

We now have a model for technology growth. How does that fit in the Solow model? One change to make. Wahle
researching, onlyp i ) are working in the production of final goods, so

w Q@ i )0) (12)
and along the balanced growth path

@ 8@ i )(—) (13)
Fewer people working means lower output per worket.
Along the balanced growth path, Q —, therefore from (13) we have

@« —2e i H(—) (14)

| has conflicting effects on the level of output per capita. You can do so much research that the d€eelaotually goes
down because of a lack of workers.

Conflicting effects of population. There are scale effects, 8@ifis bigger, we have higher output per worker. More
people means more ideas.

Faster population growth means a lower level of output per worker. Recall@at . Fastgrowing population increase
so fast that it makes it harder to find new technologies. Also dilutes capital per worker as in Solow.



Endogenous Growth: The Romer Model

Paul Ro me rmhe Ordg@<=Do4Hng , 0 Journal of Econo+2.c P


https://pubs.aeaweb.org/doi/pdf/10.1257/jep.8.1.3

Economics of Technology

Bj;

ASolowmodel with - (4Q 10 describegrowth of 0 gives

us a way of describingtrend growth as a function of population
growth.

ABut what determinesi ? What determineshow much effort the
economyputs into R&D?Romermodel will provide answers Has
three components

1. Finalgoodssector¢ competitive
2. Intermediategoodssectorc imperfectcompetition
3. Researclsector¢c comesup with new ideasfor intermediategoods

C )




1. Final Goods Firms

Bj;

Final goods are produced by perfectly competitive firms using this function
®w 0 _ »wQQ (1)

whereU is the number of workers in the final goods sectomdexes the
number of intermediate goods usea, is the amount of intermediate goo@
used by the final goods sector.

The final goods firms try to maximize profits
| AP ©QQ00 | neoQQ@2)

which gives the firsbrder conditions
b (P 1 )— (3)
(IR e (4)



2. Intermediate Goods Firms

Bj;

Theintermediate goodscomefrom separatefirms. Theintermediate goodsfirms are monopolists¢ only one firm
canproduceeachintermediategood

Intermediate good firms producethose goodsby transformingcapital into them one-for-one. One unit of capital
producesone unit of intermediategoods

Theprofits of anygivenintermediategoodfirm ‘CGare
(e i (5)
wheren (@) isthe demandfunction of the final goodsfirm for the intermediategoodQ
Becauseahe firm is a monopolist, they considerhow demandchangesas they produce more w. Thefirst-order

conditionis
neEw nw | (6)

whichcanberearrangedas

N ! (7)

where—2_ is the elasticityof demand Fromthe demandfunction of intermediategoods(4), the elasticityis|
P. Thusthe firm chargesa mark-up over marginalcost

N Ll (8)

Theintermediate good firms earn Profits that give the reasonfor innovation The profit-maximizationproblem s
{ﬂentlcalfor all m%ermedlate goodfirms, they chargethe sameprice and givenidenticaldemandfunction they sell
e Sameamoun




Aggregate Output

Bj;

Putting this all together The total amount of intermediate goodsproduced

must be equal to the capital stock, as each intermediate good firm uses
capitalto produce,so
D = WQQ (9)
andbecauseaallw  ® it mustbe that
W - (10)
Finaloutput Is
® 0  0wQQ0h ow (11)
or using(10)
w L (0oL ) (12)

A%gregatefinal output Is describedjust like In the Solow model, with a
different underlyingmarketstructure.



Distribution of Income and Profits

Bj;

Fromthe final goodsfirms first-order condition(3) we know that

bou  (p |)w (13)
whichmeansthat
nOQQ & (14)
From(8)n  —for allintermediategoodsfirms, andfrom (10) w  —. Plugginghesetwo conditionsin (14) we getthat
-——-0QQ| ® (15)
whichsolvesdownto
IV | ® (16)
Summingndividualprofits (5), total profits of all intermediategoodfirms are
‘0. NWQQ 10wQQ] & & | (p )& (17)

For any individual intermediate good firm, since they are identical, profits are a fractibtotal profits, and provide the
Incentives to Innovation

“ C )

(18)

Total outgut IS distributed across three types of payments, a fraction to capital (16), a fraction to labor (13), andratfract
profits (17), according to

i 00 _ “QQ] & (P 1)® | ) ® (19)



3. Research Sector

B
Individualscanwork at trying to inventa new type of intermediategood

EEr eachresearcherthey take the chanceof discoveringa new idea as given,and equal to
— 0 ,thatresearcherdakeasgiven

If aresearcherdiscoversa new idea,they receivea patent on that idea Theyown the rights
to producethat new intermediategood

Theresearchercanthen sellthat patent to a firm that wantsto be the monopolistproducing
that intermediategood(or the researchercouldstart their own firm).

We assumethat peoplecanmove bankandforth from researchto workingin the final goods
sector,sothe return to research(the expectedvalue of getting a patent) will be equalto the
return to working(the wage)

We usean arbitrageequationto getthe valueof a patent, 0
io “ 0 (20)

wherei U is the amount earned from investing dollars in the bank. This is the alternative
to buying the patent: Is the profits earned from owing the patent, solved for befareis

Ithe (): ange In the value of the patent if you owig you could resell it later for a profit (or
0SS).



Balanced Growth Path for Patents

Bj;

Rearrangingthe arbitrageequation(20) we get
I - — (21)

Alongthe balancedgrowth path, we knowthat 1 isconstant Therefore the ratio — mustbe constant,and— must
be constant

Alongthe balancedgrowth path, we knowthat

L@ )= 1P )= (22)

Alongthe balancedgrowth path,— growsat the rate "Q 0 growsat the rate €. So“ mustgrow at the rate €.

Thisimpliesthat — €, to keep— constant Puttingthat into the arbitrageequationgives

I — € (23)
or

0 — (24)

whichsaysthat the valueof a patentisthe presentdiscounteavalueof the profits from owingthe patent.



Labor Market Equilibrium

Bj;

Thelastthin%to_ do is solvefor the fraction of workerswho do research Peoplecanwork or
do research Doingresearchearns

v b (25)
or the chanceof makinga discoverytimesthe valueof a discovery
Workingearnsthe wagepaidin the final goodssector

b (P |)— (26)
Equilibriumrequiresthat both wagesequalize

0 0 (27)
or - (p 1)— (28)
or using (24) - (p | )— (29)
and (22) = o 1)— (30)

which simplifiesto — (31)



Equilibrium v

Bj;

Therefore,from — (31) andusingd  —b 0 (9) from previoussectionand that
alongthe balancedgrowth path— "Qsuchthat—- — we have
= (32)
— % (33)
— (34)

which canbe solvedfor the shareof peopledoingresearch|
i (35)

wherethe discountrate| € hasa negativeeffectoni , asthe higherthe discount
rate, lower the presentdiscountedvalueof patents Meanwhile,the growth rate Qas
a poslltlve ?_ffect on 1 asif people are finding new ideas quickly doing researchis
more lucrative



Optimal v ?

Bj;

Isthe sharel optimalin the sensethat it maximizesoutput per workersalongthe balancedgrowth
path?In generalno. Recalkthat

w(0) ) (p 1) ( )_ (36 =14 previous)

alongthe balancedgrowth path. Thereare conflictingeffectsof i , andthere is somevalue of |
that givesusthe highestlevelof «)0).

Why doesthe marketNOTnecessarilyget usthe optimal valueofi ?

Valueof patentsdoesnot (_:ag)turethe effect of a newideaon the future flow of ideas It may either
lower (if %0 1) or raise (if %0 1) the productivity of other researcherdoy inventing a new idea
(raisingo). If %0 11, the marketunder-providesresearch

Value of patents does not capture the duplication of effort. With _ 11 the researchof a person,
slowdownsother personsresearchandthe marketover-providesresearch

Imperfectcompetition Theincentiveto innovateis basedon profits only, not the value of the new
Intermediategoodto producingfinal goods Sothe markettendsto underprovideresearch

Someestimatesthat R&Dhasa social,or total, return of 40%- 60%, exceedingany private return on
iInvestmentin R&Dfrom addedprofits.




Bj;

Creative Destruction: A Schumpeterian mode|

Ricardo Caballero (2008), ¢ , I The New Palgrave Dictionary of
Economics


https://economics.mit.edu/sites/default/files/publications/creative%20destruction.pdf

Creative Destruction

Bj;

A Creative destruction refers to the incessantproduct and processinnovation
mechanisnmy whichnew productionunits replaceoutdatedones

AThis restructuring process permeates major aspects of macroeconomic
performance,not only long-run growth but alsoeconomicfluctuations,structural
adjustmentandthe functioningof factor markets

AOverthe long run, the processof creative destruction accountsfor over 50 per
cent of productivity growth. At businesscycle frequency,restructuring typically
declinesduringrecessionsandthis adda significantcostto downturns

A Obstacledo the processof creativedestructioncanhave severeshort- and long-
run macroeconomiconseguences



Innovation Through Improving Existing Products

Bj;

TheRomermodelthought of iInnovationasaddingnew intermediategoodsto the market, but
onceinvented,eachgoodwasfixedin quality.

The Schumpeteriammodel concelvesinnovation as improving existing products with newer
versionsreplacingold versions(iPhone 14 vs iPhone 13 vs iPhone6). Hencethe « ONB I U A
RSA&0NHzOUA 2V €

Schumpeteriangrowth changesthe mechanicaldetails of growth, but not the general
conclusions

1) Thelongrun trend growth rate dependson populationgrowth.
2) Theallocationof workersto researchmaynot be optimal.

One advantageof the Schumpeteriammodel is that it explicitly allows to think about firm
dynamicsor the creationanddestructionof firms overtime.



Mechanics of Growth

Bj;

Final goods are produced using

Ww L (00 ) (1)
whereo is the productivity of the latest version of technology.dso 0 ando 0
O moves up in discrete jumps, SO

0 (p 1)o (2)

wheref Aa 0G0KS daidSL) aAl Sé€Y 2NJ K29 YdzOK LINRPRAz-OOGAOGAGE NRasSa SI O
DNR UK 200dzNBA SKSY 6S AYyYy20F0GSE 0 dzi 0dren innovRtidraainhoyvationtist g 8 & K I
[ (3)

but this is not how fasb grows over time.
The chance that any given researcher will produce an innovation at any given moment is

nl (4)

or the probabHity of innovation depends on the same forces as before: duplication due to other researchers and thessdillover
O on research.

For theeconomy as a whole, therobability of making an innovation depends on how many researchers are working, so
V(0L &€ € 0 POPE ¢ (5)




Longrun Growth Rate

Thegrowth rate of this economyis not immediatelyobvious

A At anygivenpoint in time, no one mayhaveinnovated,sogrowth is zero

A Whensomeonedoesinnovate,0 jumpsby[ , sogrowthisveryrapidin that moment

A Lookat averagegrowth overlongperiod, smoothingthis out

A Theexpectedgrowth rate alongthe balancedgrowth path
(smoothedline)is

o-| r'p r— (6)
where[ tells us how muclo jumps when an innovation occurs

and‘ D tells us the expected value of the number of jumps.
Using this, what is the expected growth ratecohlong the BGP?

m _— (o %O] (7)

which gives— € along the BGP, means that

LOG il

.OH 0 ¢ (8) TIME

which iIs identical to what we had in the Romer model.



Final Goods Production

Final goods produced using

B
® 0 0 (9)

wherew is a single intermediate (or capital) good used in the final goods sector. It is

indexed by(bhecause each intermediate good has a specific productivity level,
assoclated with It.

Final good firms will maximize profits by choosing which version tof use and
how many units.

I' ﬁ&@ 0O W ULL nw (10)
The firstorder necessary conditions are:
b (P | )— (11)
n | U 0 W (12)

As In the Romer model, the elasticity of demand for the intermediate good 198



Intermediate Good Firms

Bj;

Intermediate good firms are monopolistsat producingtheir version of the intermediate good As
before,they transformone unit of capitalinto one unit of the intermediategood Theirprofits are

NWw 1w (13)

Thefirst-order conditionis
n(wow nw) I (14)

whichcanbe rearrangedas
N — (15)

whichgiventhe elasticitywe found for final goodsfirm demandgives
n -l (16)

Similarto the Romer model, intermediate good firms charge a markup over marginal costs This
generatesthe profits that will motivate innovation The price they chargedoes not dependon the
versionof the intermediategoodthey produce So,all versionsof w sellfor the sameprice, final good

firms only buy the bestone (highesto ).

Thissetup ensuresthe creative destructionin the economy Oncea new innovation occurs(a new
w ) with a higherproductivity, the old intermediategood (w) firm goesout of businessand the new

firm takesovercompletely



Aggregate Output

Bj;

Giventhat only one intermediate good firm operatesat a time, it must be
that

L (17)
meaningthat aggregateoutput IS
Ww L (0L ) (18)
whichisthe sameasthe standardproductionfunction.
bL (p |)w (19)
IV | W (20)
e I (21)

with the only difference being that all profits accrueto the one operating
Intermediategoodfirm.



Research Sector

Bj;

Again,we want to understandthe Incentiveto do research Inventinga new
versionw givesyou a patent on that good you cansell (or useto be the
monopolist)

We usean arbitrageequationto getthe valueof a patent, 0
io “ v ‘buo (22)

wherel L is again the amount earned from investingdollars in the bank.

“ 0 isthe value of the patent: profits plus capital gainB. 0 captures
the fact that with probability b , you will be replaced as the monopolist by
the next innovator, so it Is a negative.

Rearranging we get

i — — D (23)
and for convenience léet ‘D so
P - — (24)



Patents Along BGP

Bj;

Asintthet Romermodel, we want to considerthe valueof a patent alongthe BGPwherel is
constan

Thisimpliesthat “ and0 mustgrow at the samerate.

Weknowthat profitsare* | (p | )w, soprofitsgrowattherate™Q €.
Weknowthat™Q [‘D [ ‘alongthe BGP

sowe havethat

i — 7 (25)
which solvesto

~d

U (26)
C )
Again,patents are the presentdiscountedvalue of profits. Now the discountrate is higher

becauseof ‘ , whichcapturesthe chanceof beingreplaced

Note that no existingmonopolistwould ever buy the new patent. Why?Becausdhey haveto
sacrificethelr existing profits, meaningthey will not pay as much jfor the new patent. So
alwaysnew firms cominginto existenceda ! NJIR&placemen® + +.S OU €




Labor Market Equilibrium

Bj;

Again,individualscan either do researchto get the next idea or work in the final goodssector They
movebackandforth until the returnsto thesetwo activitiesare identical,or

P 1)— ‘D (27)
where ‘ [is the chancethat an individualwill innovate,and 0 is the value of that innovationto them.
Using(26) to replacev we get

P 1= "F—F— (28)
Using“ | (p | )w(21) we get

(b 1)— (29

— (30)
Using' [ — — = (31)

S e (32)

——— 33)

i — (34)




Equilibrium v

Bj;

In the Romermodelwe had | — (35 Romer) now we have

i — (34)

Therefore,we havethe samediscountfactori ¢ that hasa negativeeffect oni , asthe higherthe
discountrate, lower the presentdiscountedvalueof patents

* hastwo effects,the first one (? ) capturesthe fact that asthe probability of innovation goesup,
the value of patentsdeclinesdue to replacementeffects the secondeffect| °‘ capturesthe factthat as
the probability of innovationgoesup, you are more likely to get a patent in the first place On net, the
secondeffecta g A.Yaugetapatent now, andwill only be replacedlater, soif * goesup,i goesup.

Comparingto the Romermodel, the longrun growth rate Is identicalat Q@ ——. Thedifferencein the
levelof incomealongthe BGAmplied by the valueof |
TheSchumpeteriaimmodelhasahighert if 'Q 1 €. Inthis casethe discountrate isverylargeandsol

care most about profits in the iImmediate future and little about the fact that | might be replacedsome
day Somore peopledo researchthan in Romer

The Schumpeteriamrmodel hasloweri if "Q 1 €. In this casethe discountrate is low, so peopledo
careaboutthe future replacementalot. Hencal would be low comparedio Romer

Higheri isnot necessarilyptimal. Thereis no sensein whichRomeror Schumpeteis 60 S U they & =
different waysof concelivingpf the growth process



Bj;

Why Do Some Countries Produce So Much
More Output Per Worker Than Others?

Robert E. Hall
Charles I. Jones

The Quarterly Journal of Economics, Vol. 114, Nbelr(ary1999), pp. 83L16



|. Introduction

Bj;

U Explain and quantify the factors that cause the large observed
crosscountry differences in output worker.

Al NE U0KS RAFTFSNBYOSa RdzS d42Y X K
- Physical capitgK)
- Human capita{H)
- TechnologyA)

AExample: US has 35 times more output per worker than Nigeria.
- Physical capital intensity accounts for a factor of 1.5;
- Human capital intensity accounts for a factor of 3.1;
- The remaining factor of 7.7 is due to the Solow residual,
l.e., (1.5)(3.1)(7.7) = 35.



Main Questions and Premise

Bj;

U Why do some countries invest more than others in physical
and human capital?

U Why are some countries so much more productive than others?

U Major Premisedifferences In capital accumulation, productivity,
and therefore output per worker are fundamentally related to
differences irsocial infrastructure&across countries.



Soclal Infrastructure

U Good social infrastructure encourages productive activities.
-Capital accumulation, skill acquisition, invention and technology
transfer.

-Private return to such activity Is close to social return which is high.

U Good social infrastructure works by protecting against diversion;
- e.g. Thievery, squatting, mafia protection.

U While governments are necessary to encourage productive
activitythey may also be the major source of diversion:
- Public diversion occurs through expropriation, corruption,
confiscatory taxes.
- Regulation and laws may protect against diversion but may also
be the main vehicle of diversion.

Bj;



Methodology

U Focusn differences in levels of GDP per worker.

U Key ide&a In longrun, technology transfer implies countries will
tend to have the same growth rate but do not converge In levels.

U Empirically, evidence suggests that differences in growth rates are
transitory ¢ there Is evidence for conditional convergence.



Causation

U Focus on the role of social infrastructure in promoting capital
accumulation and productivity:

SociallnfrastrucureY Inputs,Productivity Y Outputper workel

U There may béeedbackg poor countries have low social
Infrastructure because they cannot afford to build the right institutions.

U To control for such feedback, usetrumental variableapproach:
- Geography and linguistic characteristics of a country are fixed (no
feedback) but predict social infrastructure.
-Thust KSé& INB I22R aAyauNHzySyaasg F2N

U Intuition: geography and linguistic characteristics are measures of
closeness to Western Europe, the first region in the world to
Implement broadly a social infrastructure favorable to production.



Il. Levels Accounting

Bj;

A Decompose differences in output per worker to differences in
Inputs and differences In productivity using a Cdbtuglas
accounting framework:

Y, =K/ ('A}Hi)l_é2

where
Y, = Output
K. =Physicakcapital
H. = Humancapitalaugmentedabor
A = Labor-augmentingtechnoloy



Human Capital and Schooling

Bj;

A Human capital determined by

— ~(E)
where
L. = Units of labor
E =Yearsof schooling
Thefunction 7 (E, ) measuresfficiency of schooling. £(0)=0,

while 7 i(Ei ) 0 measurethemarginalproductmty (return)toschooling.



Decomposition

A Production function:
Y =K?(AH)"?
A Divide byY’

v =) ()

A Take exponents and then divide by

Y — (K H

Y=(%)" Al

A The level of output per worker can be decomposed into capital
output ratio, technology and human capital.

A Intuition: along balanced growth patK/Yis a constant that
primarily reflects differences in savings across countries.



Measuring Physical Capital

Bj;

A Construct capital stock for each country using a perpetual inventory
method:

K = 1 +(1' d)Kt

A Starting with an initial value

K, =2

= g+d

A Effect of initial value is smalltifs large.



Measuring Human Capital

Bj;

A Measure. (E)using summary estimates froMincerwage regressions:

fi(E)=0.134 0<Ec¢4
fi(E)=0.101 4<Ec¢8
fi(E)=0.068 8<E
A For example, if a country has an average of 4 yeasstafolingthen:
f(4)=0.134* 4=0.536
and human capital Is
H =W =gt =171

A If a country has an average of 12 yearsaifoolingthen

£(12)=0.134* 4+ 0.101* 4+0.068* 4 =1.21

and human capital Is
H = ¢/ =2 =336



Data Decomposition

A Measure output per worker from Penn World Tables.

A Given measures d&€/YandHwe can then do the decomposition

where we choosé =1/3

A Each factor is normalized relative to the United States valeid;
measures countriQ @uman capital relative to US human capital.



Data Decomposition

TABLE 1
PropucTtiviTy CavLcurations: Ratios to U, 5. VALUES

Contribution from

Country L (K Y)ail1—a] AL A
United States 1.000 1.000 1.000 1.000
Canada 0.941 1.002 0.908 1.034
[taly 0.834 1.063 0.650 1.207
West Germany 0.818 1.118 0.802 0.912
France 0.818 1.091 0.666 1.126
United Kingdom 0.727 0.891 0.808 1.011
Hong Kong 0.608 0.741 0.735 1.115
Singapore 0.606 1.031 0.545 1.078
Japan 0.587 1.119 0.797 0.658
Mexico 0.433 0.868 0.538 0.926
Argentina 0.418 0.953 0.676 0.648
U.5.5.R. 0.417 1.231 0.724 0.468
India 0.086 0.70%9 0.454 0.267
China 0.060 0.891 0.632 0.106
Kenya 0.056 0.747 0.457 0.165
Laire 0.033 0.49% 0.408 0.160
Average, 127 countries: 0.296 0.853 0.565 0.516
Standard deviation: 0.268 0.234 0.168 0.325
Correlation with Y.L (logs) 1.000 0.624 0.798 0.8R0
Correlation with A (logs) 0.889 0.248 0.522 1.000

The elements of this table are the empirical counterparts to the components of equation (3), all measured

as ratios to the U. 5. values. That is, the first column of data is the product of the other three columns.

www.bankandfinance.net



Productivity and Output per Worker
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Output per Worker, 1953 (in 1985 U.S. Dollars)

Differences In productivity are very similar to differences In
output per worker.

www.bankandfinance.net



Results from Data Decomposition

Bj;

U Five richest countries have output per worker that Is 32 times five
poorest countries.

U Most of the difference In output per worker Is due to difference In
productivity A.

U Capitatloutput ratios have a modest effect in explaining cross
country differences in output per worker.

- Investment rates across countries differ by a factor of 3.

- Since"/(1-")=0.5 this can account for a factor{331.73
difference In output per worker.



Results from Data Decomposition

Bj;

U Human capital differences also have a modest effect in explaining
output per worker differences:

- On average five richest countries have 8 years more schooling
than five poorest.

- This difference would account for a factor of approximately 2 in
output per worker €.9g.H(12)/H(4) = 1.96).

U Soin summary, physical and human capital each account for
approximately a factor of 2 in differences in output per worker
between richest and poorest countries.

U Productivity accounts for a factor of 8.



Comparison withMankiw, Romerand Well

U MRW estimate the production function using econometric
methods.

- To do so, they must assume that the level of technology Is
uncorrelated with savings rates in physical and human capital.

U H&J choose a parameter for the production function and then
perform data decomposition.

- Thelir results imply that savings rates and the stock of human
capital are highly correlated with the level of technology.



Social Infrastructure and Output per Worker

Positarelationshp of theform:
v=a+bS+e

wherey = Iog(%) andSis ameasuref soclalinfrastrudure.

We wish tomeasure anddeterminethedegredo which
socialinfrastruduredeterminegross countrydifferencesin ~.

Endogeney

S=g+ady+gX +h
Socialinfrastrudureis determinedy theendogenoufactor--
andtheexogenou$actor X.




Key ldentifying Assumption

Assumethat:
E(Xe)=0

This assumptionmplies that X predictsthesocialinfrastrudure
but hasnodirecteffecton outputper workeithroughits
correlation with theunmeasureckesiduale).

We alsoassuméE(e) = 0 without lossof generality



Instrumental Variables

Thisis knownasaninstrumenal variablesprocedure
Toestimate
y=a+bS+e

X Is a valid instrumentfor Sif

- Instrumentrelevance X andS arecorrelated X predictsS)

- Instrumentexogeneity. X andeareuncorrelagd( X doesnot
haveanindependeheffecton y).



Measuring Soclal Infrastructurey

Bj;

U Government Anti Diversion Policy Index (GADP).
- law and order
- bureaucratic quality
- corruption
- risk of expropriation
- government repudiation of debt

U Index of openness (Sackgarner) measures percent of time a
O2dzy UNE A& a2LISYE (2 UNIYRS® hLISY
- nontariff barriers cover less than 40% of trade
- average tariff rates are less than 40%
- black market premiums are less than 20%
- not soclalist
- govt. does not monopolize major exports



Instrument ChoicesX)

U Instruments:
- percent of population that speaks a Western European language

(English, French, Spanish, Portuguese, German)
- distance from the Equator

0 Both measures are designed to capture influence of Western
Europe on social infrastructueWestern Europe more likely to

expand to remote areas with land (farther from Equator) and/or to
climatessimilar toWestern Europe.

0 Alsothe amount of trade that one would predict based on distance
between countries and population as an additional instrument.



Estimation Results

TABLE 11
Basic RESULTS FOR DLI']I‘L';[' PER WORKER
log ¥iL=a+BS5+ ¢

OwverlD test Coeff test

Social p-value p-value
Specification infrastructure test result test result 0,

1. Main specification 5.1432 256 B12 840

(.508) Accept Accept
Alternative specifications to check robusitness

2. Instruments: 4.998 208 155 821
Distance, Frankel-Romer (.567) Accept Accept

3. No imputed data 5.323 243 905 889
79 countries (.607) Accept Accept

4. OLS 3.289 — 002 700
(.212) Reject

The coefficient on Social infrastructure reflects the change in log output per worker associated with a
one-unit increase in measured social infrastructure. For example, the coefficient of 5.14 means than a
difference of .01 in our measure of social infrastructure is associated with a 3.14 percent difference in output

per worker. Standard errors are computed using a bootstrap method, as described in the text. The main
specification uses distance from the equator, the Frankel-Bomer instrument, the fraction of the population
speaking English at birth, and the fraction of the population speaking a Western European language at birth
as instruments. The OverlD test column reports the result of testing the overidentifying restrictions, and the
Coeff test reports the result of testing for the equality of the coefficients on the CADF policy index variable and
the openness variable. The standard deviation of log YL is 1.07S.

Instrumental variables estimation implies a 1% increase In
social infrastructure leads to a 5% increasg (8.5% with OLS).
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Additional Results

TABLE 111
RepuceED-Form RECGRESSIONS

Dependent variables

Social Log (output

Regressors infrastructure per worker)
Distance from the equator, (0,1) scale 0.708 3.668
(.110) (.337)
Log of Frankel-Romer predicted trade share 0.058 0.185
(.031) ((081)
Fraction of population speaking English 0.118 0.190
(.076) (.298)

Fraction of population speaking a European
language 0.130 0.995
(.050) (.181)
K& 41 60

N = 127. Standard errors are computed using a bootstrap method, as described in the text. A constant
term is included but not reported.

All iInstruments of social infrastructure help predict output per
worker.
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Additional Results

TABLE IV
REsULTS FOR log K/Y, log H/7L, and log A
Component = o + PS5 + €

Dependent variable

| — o log K73 log H-T. log A

Social infrastructure 1.052 1.343 2.746
(.164) (.(171) (.336)

OverlD test ( p) 784 034 151
Test result Accept Reject Accept
i 310 243 H96
320 290 AE2T

U Depvar

Estimation is carried out as in the main specification in Table I1. Standard errors are computed using a
bootstrap method, as described in the text.

Social infragucture Is an important determinant of each of the
components of labor productivity.
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Additional Results

TABLE VI
R{}E:‘.UH[ NESS RESULTS
log Y7L = a + BS + A Added Variable + €

OwverlD test
Social Additional p-value

Specification infrastructure wvariable testresult &y

1. 5= GADP 5.410 006 769
(.394) Reject

2. S = years open 4.442 131 1.126
((871) Accept

3. Distance from equator 2.079 0.062 129 835
(2.61) (2.062) Accept

4. Ethnolinguistic fractionalization 2.006 —0.223 212 B16
(N =113) (.745) (.386) Accept

5. Religlous affiliation (N = 121) 4.980 See 478 71
(.670) MNote Accept

6. Log (population) 5.173 0.047 412 B45
(.513) (.DBD) Accept

7. Log (C-H density) 5.195 —0.546 272 B850
(.5309) (1.11) Accept

8. Capitalist system indicator 6.354 — 1.057 828 899
variable (1.14) (.432) Accept

9. Instruments: main set plus 4.929 026 812
continent dummies (.388) Reject

See notes to Table 11 Instruments are the same as in Table 11, except where noted. Additional variables
are discussed in the text. The coefficients on the religious variables in line 5, followed by standard errors. are

Catholic (0.992_.354), Muslim (0.877,.412), Protestant (0.150_.431), and Hindw (0.8359_1.48).

Results are robust to including distance to equator as separate explanatory variable for output

per workercit has only a small effect independent of its effect on social infrastructure
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How much variation iny can
soclal infrastructure explain?

TABLE V
Factors oF Variation: Maxmaum/Miniaom

Y7L (K/7Y)td-e HA A

Observed factor of variation 3a.1 4.5 3.1 19.9
Ratio, 5 richest to 5 poorest countries 31.7 1.8 2.2 8.3
Predicted variation, only measurement error  38.4 2.1 2.b 7.0
Predicted variation, assuming ;;’;_ﬁ =.5 25.2 1.9 2.3 5.6

The first two rows report actual factors of variation in the data, first for the separate components and then
for the peometric average of the five richest and five poorest countries (sorted according to Y/L). The last two
rows report predicted factors of variation based on the estimated range of variation of true social
infrastructure. Specifically, these last two rows report exp (/871 (Smax — Smin)). first with r = B0 and second
with < = 5

AProblem here is that social infrastructure is measured eitior so we

R2Yy QU &a4SS UKS UNX¥zS GFNRAIFUGAZYy D
- one can compare OLS to IV estimates to infer something about degree of
measurement error.

Alf there is no measurement error in social infrastructure, estimates imply
difference If factor of 95 In terms of labor productivity due to social
Infrastructure.

Alf there is measurement error of plausible magnitude, we get differences on
the order of 2535 ¢this I1s what we see In the data.



The NewKaldorFacts: Ideas, Institutions,
Population, and Human capital

Charles I. Jones

Paul M.Romer

American Economic Journal: Macroeconomics, Vol. 2, No. 1 (January 2010),-pp5224



NicholasKaldorEconomic Growth Facts

Bj;

U Stated in 1961 by Nichol&aldorto summarize what economists
had learned from their analysis of 2@entury growth and to frame
the research agenda going forward:

Labor productivity has grown at a sustained rate.

Capital per worker has also grown at a sustained rate.

The real interest rate, or return on capital, has been stable.

The ratio of capital to output has also been stable.

Capital and labor have captured stable shares of national income.

o 0 s~ Wb BH

Among the fasgrowing countries of the world, there Is an
F LILINBOAIF0tS GOFNRAFGA2Y AY -B8KS NI O S
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Foundations of Modern Growth Theory

Bj;

U One of the great accomplishments of neoclassical growth theory
IS that it produced a single model that captured the first five of

YI f R&ER &

U The other great accomplishment was its explicit microeconomic
foundations.

U Jones andRomerpropose a new list of stylized facts that are
RNAGGAYI GKS NBASFNDK | ISyKRidor 2y SO2:
Cl Ou a¢



The Rise In Globalization

50 r 13
45 12.5
World trade / World GDP
= 40 12 ==
o (percent, left scale) G
O O
= @
a5 15 &
30 11
World FDI / World GDP
25 [ (percent, right scale) 10.5
EG | | | | |:|
1960 1970 1980 1990 2000 2010

1. Increases In the extent of the market.
A Increased flow of goods, ideas, finance, and pegpla
globalization, as well as urbanizatiqQmave increased
the extent of the market for all workers and consumers.
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Population and Per Capita GDP over the Very Long RurDC
- Y

Log scale, initialized to 1.0
oo

Per capita GDP

0 500 1000 1500 2000

Year

2. Accelerating growth.
A For thousands of years, growth in both population and
per capita GDP has accelerated, rising from virtually zero
to the relatively rapid rates observed In the last century.
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Growth Variation and Distance from the Frontier

B
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Per capita GDP, 1960 (US=1)

3. Variation in modern growth rates.
A The variation in the rate of growth of per capita GDP
Increases with the distance from the technology frontier.
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Income and Total Factor Productivity
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4. Large iIncome and total factor productivity (TFP) differences.
A Differences in measured inputs explain less than half of
the enormous crossountry differences in per capita GDP.
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Years of Schooling by Birth Cohort in the U.S.

B
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5. Increases In human capital per worker.
A Human capital per worker is rising dramatically throughout
the world.

www.bankandfinance.net



The U.S. College and High School Wage PremiumaE
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6. Longrun stability of relative wages.
A The rising quantity of human capital, relative to unskilled
labor, has not been matched by a sustained decline In Its
relative price.

www.bankandfinance.net



Jones andv 2 Y S9¢&oadary Goal

B

U Sketch the elements of a theory that could replicate these facts.
A In Solow one endogenous state variable: capital.

A Subsequent contributions have tried émdogeneizahe other
four state variablesdeas, institutions, population, and human

capital.

A To get a model that focuses on the endogenous accumulation of,
and interaction between these variables, Jones Rodher
suggest to try teendogeneiz€3s). iIdeas, population, and human
capital. Meanwhilekeep institutions exogenoun a similar
fashion as Solow treated technology.
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ldeas and Human Capital

Bj;

U An idea Is a pureonrivalgood which can be used by any number
of people simultaneously, without congestion or depletion.

A Implications of this distinctive characteristic of ideas:
A Introduces scale effects.
A Changes the feasible and optimal economic institutions.

U Human capital Is used to produce ideas and ideas are needed to
enhance human capital, but human capital is a rival good.

U Increasing returns to scale that are impliedrnmnrivalrylead to
0KS FFAfdzNE 2F ' RIY { YAUKQA AV OA3



Standard approach to ideas

Bj;

Our techntmgy usesdeasA, rival physicalgoodsX, andlabor L
to produceoutputY accordingto

Y =F(A X,L)
constanteplication : constanteturnstoscaleto X andL, such tha
t=F(AL])

with afixed setof ideasA, averagewelfarels decreasingn L.



Static benefits from ideas

Bj;

Now supposdhat thestockof ideass proportioralto L. Then
r=F(L3))

now two effectsof L, abenefitin A, andacoston X.
r=y=ml

f g> 0 thebenefitsoutwelightthecostsandoutputper worker
Increasesvith population This showstheneedto endogenei2
ideasto explainfactl:increasen theextentof themarket.



Dynamic benefits from ideas

Now letsanalyzetheevolution of ideasover time.
Startusinga technolog given by

Y=AX"L" (2)
while wewill assumdhatideasevolve accordingto
@ =al, (3)

Casel: L, adjust with change® Y, such that
L =y=1 (4)
Combining (2) and(4) weget thatn equilibrium:
P = an’ (5)




Dynamic benefits from ideas

Then

an(2) _

1
PA 5>l

Useful toexplainfact2:accelerahggrowth,but unrealistc
given thatit would requirepopulationto keepup with output.

This showstheneedto analyzethedynamicsof ideasandthe
needtoendogeneiglabor.



The Facts of Economic Growth

Charles I. Jones

Charles Jones (2016), O , 6landbook of Macroeconomics, Volume 2A,
ElsevierB. V., Chapter 1: 3-69.


https://web.stanford.edu/~chadj/facts.pdf

Two Basic Questions

Bjx

. How much richer are we today than 100(0) years ago?
. How large are the iIncome gaps between countries?

A Economics seeksto answer these questions by building quantitative models dmodels
that can be compared with empirical data.

A Growth economics has only partiall)( achieved these goals, but a critical input into our
anal%ﬁls IS knowing where the goalposts lie othat is, knowing the facts of economic
growth.

A The goal of this paper is to lay out as many of these facts as possible. Rather than
highlighting a handful of stylized facts, we draw on the last thirty years of the
rerlgalsst.ance of growth economics to lay out what i1s known empirically about the
subject.

A The result, | hope, is a fascinating tour of the growth literature from the perspective of
the basic data.



|. Growth at the Frontier*
1.1 Modern Economic Growth

Figure 1: GDP per person in the United States

LOG SCALE. CHAINED 2009 DOLLARS Table 1: The Stability of U.S. Growth
64,000
32.000 F Growth Growth
T Period Rate Period Rate
16,0007 1870-2007 2.03 1973-1995 1.82
1870-1929 1.76 1995-2007 2.13
8.000
1929-2007 2.23
4.000 F 1900-1950 2.06 1995-2001 2.55
1950-2007 2.16 2001-2007 1.72
200 E . . . . . . 1950-1973 2.50
1880 1900 1920 1940 1960 [980 2000
YEAR 1973-2007 1.93
Note: Data for 1929-2014 are from the U.S. Bureau of Economic Analysis, NIPA Table 7.1. Data
before 1929 are spliced from Maddison (2008). Note: Annualized growth rates for the data shown in Figure 1.
NTH®resto NTreesao

A Steadysustainecgxponentiagrowthfor thelast150yearsor sois a key characteristic
of thefrontier. All moderntheoriesof economicgrowthi Solow (1956, Lucas(1988),
Romer(1990, AghionandHowitt (1992)- aredesignedwith this factin mind.

F . @& ACNRYUASNE L YSIY 3IANRPSUK FY2y3a 0KS NARAOKSau 3
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|. Growth at the Frontier
1.2 Growth over the Very Long Run

Figure 2: Economic Growth over the Very Long Run

INDEX (4.0 IN INITIAL YEAR) Table 2: The Acceleration of World Growth
45 -
wor ber capita GDP GDPper  Growth  Population  Growth
35+ Year person rate (millions) rate
30
1 590 19
75 =
= 1000 420 -0.03 21 0.01
T 1500 780 0.12 50 0.17
ST 1820 1,240 0.15 125 0.28
10 F - /
Population 1900 3,350 1.24 280 1.01
> 2006 26,200 1.94 627 0.76

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Note: Data are from Maddison (2008) for the "West,” i.e. Western Europe plus the
YEAR

United States. Growth rates are average annual growth rates in percent, and GDP
Note: Data are from Maddison (2008) for the “West,” i.e. Western Europe plus the United per person is measured in real 1990 dollars.
States. A similar pattern holds using the “world” numbers from Maddison.

A Sustainedexponentialgrowth in living standardss an incredibly recentphenomenon
(lasttwo centuries)

A Providedtheincreasingeturnsassociateavith ideas[Lee (1988; Kremer(1993; and
Joneq2001)] is sufficiently strongto counterthe Malthusiandiminishingreturns this
mechanisntangive riseto dynamicdike thoseshownin Figure?2.
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1. Sources of Frontier Growth

B

A Oneoftenwishesto look atthedatafi t h r thelepdo f somegrowth modelthatis muchsimplerthan
theworld thatgeneratethe observedlata Following Solow (1957 and(many)others

Y, = AM; K@ H!7° (1)
N, e’
TFP

0 AAT TQEXA T TUOCDOTTAEE T x TP AABA anytelithmanf | uerfces or
produc¢t meioodygrneo roaftnmies'al |.o ti1 on" )
2.1 Growth Accounting

A If onewishesto creditsuchgrowthto total factor productivity, it is helpful to do the accountingdike, for
exampleKlenowandRodriguezClare(199Y).

K

}} f‘;f l —o Hf . B 1 |
L. (f) .~ where Z; = (A:M;) == (3)

A Growthin outputper hour— comesfrom growthin the capitatoutputratio —, growth in humancapital
perhour—, andgrowthin laboraugmentingif FP, .



1. Sources of Frontier Growth
2.1 Growth Accounting

Table 3: Growth Accounting for the United States

Contributions from

Output Labor Labor-Aug.

Period perhour K/Y  Composition TEFP
1948-2013 2.5 0.1 0.3 2.0
1948-1973 3.3 0.2 0.3 3.2 ‘ Greatproductivity period
1973-1990 1.6 0.5 0.3 0.8 ] .

{ ‘ ___ Productivityslowdown
1990-1995 1.6 0.2 0.7 0.7
1995-2000 3.0 0.3 0.3 2.3 Coinciding with the dotcom boom and the rise in the
2000-2007 2.7 0.2 0.3 2.2 N Importanceof informationtechnology
2007-2013 1.7 0.1 0.5 1.1 ‘ GreatRecession?

Note: Average annual growth rates (in percent) for output per hour and its components for the
private business sector, following equation (3). Source: Authors calculations using Bureau of Labor
Statistics, Multifactor Productivity Trends, August 21, 2014.

1. Growthin outputperhourat 2.5 percents slightly fasterthanthe growthin GDP percapita One
reasonss thatthe BLS datameasuregyrowthfor the privatebusinessectoronly.

2. Capitatoutputratiois relatively stableoverthis period,contributingalmostnothingto growth

3. Labor composition (educationalattainment, shift from manufacturingto services,and more
participationof womenin thelaborforce)contributesn somedegree

4. Then r e s iofdlERatcauntdor the bulk of growth, at 80 percentsincel948
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1. Sources of Frontier Growth
2.2 Physical capital

A The fact that the contribution of the capitatoutput ratio was modestin the growth
accountingdecompositiorsuggestghat the capitatoutputratio is relatively constant
overtime.

A A fascinatingobservatioris thatnominalinvestmensharesarerelatively stablewhen
comparedo hugetrendsin relativeprices

Figure 5: Relative Price of Investment, United States

Figure 4: Investment in Physical Capital (Private and Public), United States
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A Greendwoocktt al. (1997 andWhelan(2003 point out that oneway to reconcilethe
factsis with a two sectormodel in which technologicalprogressin the equipment
sectorns substantiallyfactorthattechnologicaprogressn therestof theeconomy




1. Sources of Frontier Growth
2.3 Factor shares
B

A One of the original Kaldor (1961 stylized facts of growth was the stability of the
sharesof GDPpaidto capitalandlabor

A Since 2000 or so, there has been a marked decline in the labor share and a
correspondingisein the capitalshare

Figure 6: Capital and Labor Shares of Factor Payments, U el

1950 1960 1970 1980 1990 2000

A |s this a temporaryphenomenonperhapsamplified by the GreatRecession®r are
somedeepeistructuralfactorsat work?
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1. Sources of Frontier Growth
2.4 Human capital

Figure 7: Educational Attainment, United States Figure 8: The Supply of College Graduates and the College Wage Premium, 1963-2012
YEARS OF SCHOOLING PERCENT PERCENT
15F 60 r 7 100
14 By birth cohort
Fraction of hours worked
13 40 by college-educated workers {80
(left scale)
12
College wage premium
11 F Adult labor force (right scale)
201 160
10 F
9
8 F Or 140
1 1 1 1 1
- | | | | | | | 1960 1970 1980 1990 2000 2010
1880 1900 1920 1940 1960 1980 2000
YEAR Note: The supply of U.S. college graduates, measured by their share of total hours worked, has
risen from below 20 percent to more than 50 percent by 2012. The U.S. college wage premium
Note: The blue line shows educational attainment by birth cohort from Goldin and Katz (2007). is calculated as the average excess amount earned by college graduates relative to non-graduates,
The green line shows average educational attainment for the labor force aged 25 and over from the controlling for experience and gender composition within each educational group. Source: Autor
Current Population Survey. (2014), Figure 3.

Figure 7 shows two facts. First, for 75 yead,icational attainmemose steadily, at a rate
slightly less than one year per decade. Second, the lexsdfinfeducational attainment.

Figure 8 showsstylizedfactsnotedby Katz and Murphy (1992. Eventhoughthe supply
of collegegraduatesvas growing rapidly, the wage premiumfor collegegraduatesvas
iIncreasingsharplyaswell.
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. Sources of Frontier Growth
2.5 |ldeas

A The productionof new ideas(A in the productionfunction) playsa fundamentarole
IN the modern understandingof growth [Romer (1990; Grossmanand Helpman
(1991); andAghionandHowitt (1992)].

Figure 9: Research and Development Spending, United States Figure 10: Research Employment Share

SHARE OF GDP SHARE OF THE POPULATION

0% 0.4%
5% — United States -
k 0.3% OECD
49 §
Software and /
: - N
™ Entertainment 0.2% /7 -—
3% e P OECD plus China
/ and Russia
{ ](‘f \
01 ). 1% |-
= Government R&D v
1% _
Private R&D 0% : ! ! L L L
1950 1960 1970 1980 1990 2000 2010
0% L 1 1 1 1 1 1 1 1 YEAR
1930 1940 1950 1960 1970 1980 1990 2000 2010 Source: Data for 1981-2001 are from OFECD Main Science and Technology Indicators,
YEAR http://stats.oecd.org/Index.aspx?DataSetCode=MSTI_PUB. Data prior to 1981 for the United States
- . X o S are spliced from Jones (2002), which uses the NSF’s definition of “scientists and engineers engaged
Source: National Income and Product Accounts, U.S. Bureau of Economic Analysis via FRED in R&D.”

database. “Software and Entertainment” combines both private and public spending. “Entertain-
ment” includes movies, TV shows, books, and music.

A Figure 9 (R&D spending)and Figure 10 (Researchemployment)show the rapid
growthin theinput sideof theideaproductionfunction

A Figure 11 showsthat the numberof patentsgrantedto U.S. inventorsin 1915 195Q
and1985wasapproximatelythe same

Figure 11: Patents Granted by the U.S. Patent and Trademark Office
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200}
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150F
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Source: http://www.uspto.gov/web/offices/ac/ido/oeip/taf/h_counts.htm



1. Sources of Frontier Growth
2.6 Misallocation

A Oneof the greatinsightsof the growth literaturein the last15 yearsis that misallocationat
themicro level canshowup asareductionin TFPata moreaggregatedevel [Banerjeeand
Duflo (2005; Chariet al. (2007); Restucciaand Rogerson2008; and Hsiehand Klenow

(2009].

A When resourcesare allocated optimally, the economy will operateon its production
possibilitiesfrontier. Whenresourcesire misallocatedthe economywill operatansidethis

frontier.

A Hsiehetal. (2013 showthatinnatetalentfor highly-skilled professionss unlikely to differ
acrossgroups, the occupationaldistribution in 1960 suggeststhat a large number of
iInnatelytalentedAfrican Americansandwhite womenwerenot working in the occupations

dictatedby comparativeadvantageThe paperguantifiesthe macroeconomiconseguences
of theremarkableconvergencen the occupationadistributionbetweenl960and2008and

finds that 15 to 20 percentof growth in aggregateoutput per worker is explainedby the
Improvedallocationof talent

A Anotherpotentialsourceof misallocationis relatedto the economicof ideas To the extent

that knowledgespilloversare increasinglyinternalizedor addressedby policy i or to the
extentthe oppositeis true- the changingmisallocationof knowledgeresourceanay be

Impactingeconomiocgrowth




I1l. Frontier Growth: Beyond GDP
3.1 Structural Change

A A type of structuraltransformationthat has seenrenewedinterestis the possibility that
machinegcapital) may substitutefor labor Autor et al. (2003 emphasize polarization,
with computerizatiorbeingparticularlysubstitutabldor routinecognitivetasksthatcanbe
brokeninto specific rules (banktellers) but complementaryyo nonroutinecognitive tasks
(computingprogrammersandleavinguntouchednanualjobslike janitorial work.

A Brynjolfssonand McAfee (2012 highlight broaderramificationsof artificial intelligence
computersmight startdriving cars,readingmedicaltests,and combingthroughtrovesof
legaldocuments

A Whatimpactwill suchchangeshaveon the labormarket?Oneusefulreferencepointis the
enormoustransformationthat occurredas the agricultural shareof the U.S. labor force
went from 2/3 in 1840to only 2.4 percentby 200Q By andlargethis transformationvas
overwhelminglybeneficial

Figure 12: Employment in Agriculture as a Share of Total Employment
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Source: Herrendorf, Rogerson and Valentinyi (2014).




I1l. Frontier Growth: Beyond GDP
3.2 The Rise of Health

Figure 13: Health Spending as a Share of GDP Figure 14: Life Expectancy at Birth and at Age 65, United States

PERCENT YEARS YEARS

1S 80 120
U.S.
16F 75+ At birth 419
(left scale)
14F 3
12
417
10F Germany ;r
o 16
At age 65
(right scale)
115
14
“_} L L L L L 1 1 1 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

_l:; 1 1 | 1 1
YEAR 1900 1920 1940 1960 1980 2000

Source: OECD Health Statistics 2014. _ ) i
Source: Health, United States 2013 and https://www.clio-infra.eu.

A Hall andJones(2007) proposethatthe widespreadise in the prominenceof healthcareis
a byproduct of economic growth With standardpreferencesthe marginal utility of
consumptiondeclinesrapidly. AssumingCRRA preferencesas we get richer andricher,
the marginalutility of consumptioron any given day declinesrapidly; what peoplereally
needaremoredaysof life to enjoytheirlevel of consumption
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I1l. Frontier Growth: Beyond GDP
3.3 Hours Worked and Leisure

Figure 15: Average Annual Hours Worked, Select Countries Figure 16: Average Weekly Hours Worked, United States
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YEAR YEAR
Source: Average annual hours worked per person employed, from the Penn World Tables 8.0. Source: Average weekly hours per worker, from Ramey and Francis (2009).

A Figure 15 (PennWorld Tables8.0) showsthat amongadvancedcountries,annualhours
worked hasfallen significantly since 195Q In the U.S. from 1909to 1704 annualhours
workedin 2011

A Figure 16 [Ramey and Francis (2009] breaksthe U.S. evidencedown into more
detall They show that men are substitutingaway from market work into home
production which rosefrom just 4 hoursperweekin 1900to morethan16 hoursper
week in 2005 Thus, the increasein leisure was much smallerthan the declinein
markethourssuggest
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I1l. Frontier Growth: Beyond GDP
3.4 Fertility

A A large literatureseeksto understandhe declinesin fertility andthe hump-shapein
populationgrowth that aretogetherknown asthe demographidransition A key part
of the standardexplanationis that children are themselvedime intensive in which
caseconservingon childrenalsoconserve®n time aspeoplegetricher.

3.5 Toplnequality

A Piketty and Saez (2003 calculatethe income earnedby the top 0.1 percent of
householdsFor the U.S., the declinein thefirst partof the centuryis associatedavith
capitalincome,and muchof therisein U.S. inequalitysince1980is associatedavith

labor (andbusiness)hcome

Figure 18: Top Income Inequality in the United States and France Figure 19: GDP per person, Top 0.1% and Bottom 99.9%
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I1l. Frontier Growth: Beyond GDP
3.6 The Price of Natural Resources

(] 1 1 1 1
1900 1920 1940 1960 1980 2000

Note: The price of an equally-weighted basket of aluminum, coal, copper, lead, iron ore, and zinc,
deflated by the consumer price index. Commodity prices are from www.globalfinancialdata.com
and the CPI is from www.measuringworth.com

A During the 20" century,world demandfor industrial commoditiesexplodedwith the
rise of the automobile,electrification,urbanization,and the generalindustrialization

thatoccurredn theU.S. andaroundtheworld. Thesurpriseshownin Figure20is that
thereal price of commoditiedeclinedoverthe 20" century

A Since2000we observea largeincreasen the real price of thesecommodities Many
developing countries performed quite well in the 20006. Some of that growth
contributedto therise in demandor commodities put someof thatsuccessnay also

reflect commoditydriven growth resultingfrom the rise in demandfrom China and
India.
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